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REFLEX AND CENTRAL NERVOUS SYSTEM v
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JAMES B. HAMILTON
Deaths from exposure to cold in the United States totalled 287
in 1932, 319 in 1933. Every year many individuals are found in a
critical hypothermic state, in which there are changes in the nervous
control of the body that characterize the condition and are significant
in therapy. Studies have been made of monkeys,5 cats2 6 and guinea-
pigs2 which were anesthetized and placed in a cold environment
(40-46° F.). The present data are an outgrowth of the finding
that the body temperature of rats,3 mice, and kittens can be rapidly
reduced without the necessity of anesthetization until no organ of
the body remains above 550 F. Unanesthetized animals were
examined for reflexes and reactions at 10 F. intervals during the fall
and subsequent recovery of body temperature. A typical example
of loss of body heat in the cooled chamber and spontaneous recovery
upon transfer to a warm chamber (840 F.) is seen in Fig. 1.
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FIG. 1. Typical decrease in the level of body heat upon placement of a rat
in a chamber at 35-42° F. (first arrow). Second arrow indicates return to a
chamber at 84°F.
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Method. An ordinary ice-box was used in which the air tem-
perature varied from 37°-420 F. The animals were observed by
means of a double-walled glass door. The decrease in the level of
body heat was accelerated by confinement of the rats in small mesh
cages adjustable for comfortable immobilization. Temperatures
were measured by fine iron and constantin thermocouples implanted
upon the abdominal viscera4 and by a thermocouple introduced
through the anus to a depth of 5 cm. The potentiometer was a
multiple-point recording form (Micromax) manufactured by Leeds
& Northrup Company.
The depth of insertion for the colonic determination of body
temperature is of necessity much greater than that ordinarily
employed. Bazett' has emphasized the thermal gradients extending
from the cool peripheral layers to the internal parts of the body.
In hypothermia produced by a cold environment these cool super-
fical layers extend farther to the interior, especially in the regions
surrounding orifices. A depth of at least 7.5 cm. is desirable for
the determination of the internal abdominal temperature in the
small animals employed in this study.
Results. In general, the responses capable of being elicited in
the animal at normal temperatures disappear in a set sequence with
the assumption of lower body levels of-heat and reappear in an
inverse order to their disappearance. The first to disappear are
higher nervous system functions, such as locomotion, voluntary
movements, hearing, sight, equilibration, and attitudinal responses.
The descending paralysis of the central nervous system then affects
lower centers with the abolition of swallowing, biting, and corneal
and flexor reflexes. A slowing of the heart beat and respiration
follows a linear relationship to the fall in body temperature. The
exact level of body temperature at which each change can be defi-
nitely ascertained varies somewhat with the individual animal and
with the speed of cooling and subsequent recovery.
The lowest level of body temperature from which any animal
recovered was 540 F. Dependent upon the individual rat and the
speed of cooling, levels of 62°-54° F. were lethal. All animals in
which there was some return to a higher temperature did not con-
tinue to live, death occurring commonly after the body temperature
had risen S degrees from the lowest level. This was thought to
beduetorespiratory and anoxemicdifficulties, for (1) death becomes
much more frequent with increase in the length of time the animal
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is kept at temperatures where respiration is shallow, irregular, and
very slow; (2) artificial respiration during this period reduces the
mortality. Animals assume the temperature of the chamber
(76° F.) within an hour or two after release from refrigeration.
The return from 760 F. to normal body levels is slow, especially the
last 50 F., and is seemingly dependent upon the amount of muscular
exertion performed. In the last stages of recovery the rat usually
curls up in a ball and rests with hair "standing on end" for many
hours, during which the temperature rise is slow and not complete
until the animal stirs about. In general, when cooling is greater
and more prolonged, recoveryis also more prolonged and hazardous.
The condition of the animals at critically low temperatures and
the series of events during recuperation may be summarized as
follows:
At 54 -600 F. life may be difficult of detection. Somatic
reflexes are entirely absent, the pupil is dilated and unreactive to
light, the cornea is dull and the central portion glazed with a white
opaque material which disappears at higher temperatures, and the
corneal reflex is absent. Pinching and other nociceptive stimuli
induce no response; the skeletal muscle is flaccid, the skin loose and
edematous, particularly in the region of the head so that the rat has
cheek pouches and a hooded, bloated appearance. The hair stands
on end porcupine-fashion and is covered by fleas which have crawled
awayfromthecold skin. Respiration occurs atintervals of a minute
or more. The heart beat is irregular, slow, and faint and may
require electrocardiographic means for determination. Heart-block
is complete, the auricles beating practically unaccompanied by the
ventricles. The most definite criterion of life is the color of the
eyes, a pink tinge remaining in the albino rat if the animal is still
alive. With the approach of death the color fades to white.
If the animal be removed from the ice-box in this condition,
recovery may occur, especially if artificial respiration be admin-
istered. Respiration becomes Cheyne-Stokes in character and
although still irregular is characterized by a second breath following
closely upon the end of the previous expiration. Britton2 has
described a similar phenomenon in cooled cats as a "respiratory wave
with a double crest like a pulsus bigeminus." As respiration
becomes regular, each breath is accompanied by generalized contrac-
tion of the whole somatic musculature and sometimes extension of
the head upon the shoulders. The heart beat is regular but slow,
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only 40-70 per minute as compared to a normal beat approximating
400 per minute. Heart-block does not occur, although conduction
time is 4-5 times longer than normal. The flexor response to
nociceptive stimuli reappears very early, although in later recovery
pinching of the toe may produce extension rather than flexion of
the ipsilateral leg. Later the pupils change to a constricted condi-
tion, although still apparently unresponsive to light; the corneal
reflex reappears. Nociceptive stimuli to a limb elicit a generalized
response in which squealing, stepping reactions, movements of the
head and jaws, and contraction of the whole body musculature occur,
sometimes accompanied by micturition. This mass reflex breaks
down into its component parts as higher temperatures are attained.
Tonic contractions of the body muscles continue and the animal
curls up in aball with the head flexed upon the abdomen and the hair
bristling. Shivering is not a marked phenomenon in the rat,
although occasionally the animal may exhibit a tremulous condition
of trunk and appendages. Purposive reactions are seen in that the
animal when annoyed will initiate biting movements, turning the
head in the direction of the stimulus and opening the mouth, but,
like a decerebrate cat, desistingbefore completion of the action. It is
easily aroused to squealing. If the animal is stretched out it regains
its coiled position after awkward jerks and stepping movements.
Righting responses are attempted.
With much difficulty an upright position on all four feet is main-
tained, although there is marked wobbling with occasional falling to
one side. The rat then remains inactive, as though dozing. Upon
stimulation, and occasionally spontaneously, a swaying, ataxic type
of locomotion is attempted, suggestive of cerebellar dysfunction.
Control of the front legs is regained while the hind legs still remain
in a rather spastic condition. Sight and hearing have returned; the
animal startsupon hearing a loud noise and avoids objects in its path.
Unless disturbed, the rat continues for hours in an apathetic condi-
tion, rolled in a ball, hair on end. When aroused, it stirs, moves
somewhat awkwardly and soon returns to what appears to be sleep.
Discussion. Save for individual peculiarities of the rat such
as minimal shivering and the rapid nature of heat loss and recovery,
the sequence of events in the unanesthetized animal during recuper-
ation from hypothermic conditions is very similar to that reported
by Simpson and Herring6 and by Britton2 for animals temporarily
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anesthetized during the severe reduction of body temperature.
Coldperseis an anesthetic if severe enough, and effects a descending
paralysis of the central nervous system, beginning with activities of
the cerebrum and progressing until medullary centers are affected.
At no point during the decline or rise in body temperature was
there any indication of artificial hibernation as daimed by Simpson
and Herring' to occur at 750 F. Rather, as Britton2 has stated,
there is no neutral point similar to hibernation. The animal, unless
in the later stages of respiratory and cardiac failure, is homeothermic
and produces heat even in a chamber below body temperature.
Death at the lowest body temperatures appears upon electro-
cardiographic pre- and post-mortem inspection to be due to cardiac
and respiratory failure, but it is probable that the actual patho-
genesis is that descending paralysis of the central nervous system
reaches the medullary respiratory centers with resultant anoxemia of
the heart and heart-block. The heart beats long after respirations
cease.
Noteworthy is the fact that the animal may be alive even though
the corneal reflex be absent, though the respirations if discernible
are 1 per minute or less, though the heart beat be practically imper-
ceptible by ordinary means. The more reliable criteria of life and
thetherapeutic measures to be applied in hypothermia will be corre-
lated in a later report after completion of studies of blood flow,
blood chemistry, electrocardiograms, and metabolism.
Summary. 1. In environmentally-produced hypothermia of
the unanesthetized rat, mouse, or kitten there occurs a progressive
descending paralysis ofthe central nervous system. Higher nervous
functions, locomotion, voluntary movements, attitudes, equilibration,
hearing, and sight are lost; then swallowing, biting, and corneal and
flexor reflexes are abolished; finally, medullary centers are affected
with resultant respiratory failure and death; The responses which
arethe last to disappear are the first to recover.
2. The manner of central nervous system involvement and
recovery indicates the narcotizing nature of hypothermia. Opera-
tions may be performed in this condition.
3. At no degree of hypothermia is a state of artificial hiberna-
tion produced. Even at body temperatures below 700 F. the
homeothermic animal attempts to resume a normal level of body
heat.
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4. In body temperatures so low that nervous reactions and
other evidences of life may be indiscernible, the animal can remain
alive and subsequently recover.
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